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(57) Abstract: A suction nozzle (21) has an outer 
nozzle member (30)» a nozzle body (40), and an 
urging member (50) for urging the nozzle body (40) 
in a direction away from the outer nozzle member 
(30). The suction nozzle (21) also has a spring 
acconunodation chamber (60) defined by at least a 
wall surface of a nozzle body accoaunodation bore 
(32) and a proximal end face (40c) of the nozzle 
body (40). The spring acconunodation chamber (60) 
is shut off from first and second suction passages (3 1 , 
32) and communicates with atmosphere. The urging 
member (50) is housed in the spring accommodation, 
chamber (60). 
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DESCRIPTION 

SUCTION NOZZLE FOR HOLDING COMPONENT BY SUCTION 

^ * * 

Technical Field 

The present invention relates to a suction nozzle, and 
more particularly, relates to. a suction nozzle for holding a 
component by suction used in a component mounting apparatus 
for mounting a component such as an electronic component, on 
a circuit formation object such as a circuit board. 

Background Art 

Fig. 13 illustrates a conventional suction nozzle 1 
used for holding an electronic component B by suction in an 
electronic component mounting apparatus. 

The suction nozzle 1 includes: an outer nozzle member 2 
having a f irst . suction passage 2a; a nozzle body 3 provided 
to be displaceable with respect to the outer nozzle member 2 
and having a second suction passage 3a for communicating 
with the first suction passage 2a; and a spring 4 provided 
between the outer , nozzle member 2 and the nozzle body 3 for 
elastically urging the nozzle body 3 toward a predetermined 
side (downward side in Fig. 13) in the displacement 
direction (upward and downward in Fig. 13) . The second 
suction passage 3a extends in the displacement direction of 
the nozzle body 3.. One end (lower end in Fig. 13). of the 
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second suction passage 3a is open at a front end face 3b 
(lower end face in Fig. 13) of the nozzle body 3 in the 
displacement direction, whereas the other end (upper end in 
Fig. 13) thereof is open at a rear end face 3c (upper end 
face in Fig. 13) of the nozzle body 3 in the displacement 
direction to allow communication with the first suction 
passage 2a. • 

The suction nozzle 1 is removably attached to a nozzle 
shaft 6 of a mounting head section 5 of the electronic 
component mounting apparatus by a nozzle holder 7. The 
nozzle holder 7 includes ah inner sleeve 7b holding balls 7a 
inside and an outer sleeve 7c into which the inner sleeve 7b 
is pressed. The balls 7a are fitted into engaging concave 
2b formed on the outer nozzle member 2, and thus the suction 
nozzle 1 is secured to the nozzle shaft 6. 

A suction passage 6a of the nozzle shaft 6 is in 
communication with a vacuum suction pump 8. Thus, the 
electronic component B is held by being sucked at the front 
end face 3b the nozzle body 3 with a suction force of the 
vacuum suction pump 8 acting through the suction passage 6a 
of the nozzle shaft 6, the first suction passage 2a of the 
outer nozzle.member 2, and the second suction passage 3a of 
the nozzle body 3. The nozzle shaft 6 is mechanically 
connected to an elevation mechanism 9 and a rotation drive 
mechanism 10. The suction nozzle 1 therefore moves up and 
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down together with the nozzle shaft 6 by .the elevation 
mechanism 9, and rotates around its axis together with the 
nozzle shaft 6 "by the rotation drive mechanism 9. 

When, the electronic component B is to be picked up by 
suction from a component feeder section (not shown) of the 
electronic component mounting apparatus, the suction nozzle 
1 is lowered to a predetermined height position (suction 
height position), where the front end face 3b of the nozzle 
body 3 comes into contact with the electronic component B. 
The electronic component B is then sucked to the front end 
face 3b of the nozzle body 3 with the suction force of the 
vacuum suction pump 8. The suction nozzle 1 holding the 
electronic component B by suction is lifted to the original 
height position. 

When the electronic component B is to be placed on a 
circuit board (not shown) , the suction nozzle 1 is lowered 
to a predetermined height position (placement height 
position) , where the electronic component B comes into 
contact with the circuit board. The suction nozzle 1 is 
further lowered to apply a load to the electronic component 
B that has been already in contact with the circuit board 
By this application of a load, the electronic component B is 
placed on the circuit board. 

/the spring 4 is provided for absorbing the impact 
applied to the component during suction and placement of the 
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component. More specifically, the spring 4 absorbs the 
impact applied to the component B when the component B comes 
into contact with the nozzle body 3 during the component 
suction. The spring 4 also absorbs the impact applied to 
the component B when. the component B comes into contact with 
the circuit board during the component mounting. In 
consideration of only this impact absorbing function, the 
urging force of the spring A is preferably as small as 
possible. 

During the suction of the electronic component B by the 
suction nozzle 1, the suction. force provided by the vacuum 
suction pump 8 also acts on the rear end face 3c (upper end 
face in Fig. 13) of the nozzle body 3, urging the nozzle 
body 3 in the direction in which the spring 4 is compressed. 
If this suction force causes the nozzle body 3 to be 
displaced and changes the height position of the front end 
face 3b of the nozzle body 3, a suction error and a 
placement error of the electronic component. B may occur. In 
order to avoid this displacement of the nozzle, body 3 with 
respect to the outer nozzle member 2 [ due to the suction 

• « 

force, the urging force of the spring 4 is conventionally 
set at a relatively large value (for example, 3.92 to 5.88 N 
(400 to 600. gf)) so that the urging force can resist the 
suctioh force acting on the nozzle body 3. 

However, the large urging force of. the spring 4 



wo VI/63999 PCT/JPOl/01245 

5 

inevitably reduces the impact absorbing function: Namely, 
the large urging force of the spring 4 results in that a 
relatively high load is applied to the electronic component 
B when the suction nozzle 1 comes into contact with the 
electronic component B during the component suction. 
Likewise, a relatively high load is applied to the 
electronic component B when the electronic component comes 
into contact with the circuit board during the component 
placement. 

Some recent electronic components, on a back surface 
thereof, have solder balls which are to be crushed to an 
appropriate diameter by a load during placement. Such 
small-size electronic components must be placed with a low 
load. If a high load is applied to such electronic 
components during placement, the solder balls will be 
crushed excessively. In view of this point, above-described 
conventional suction nozzle 1 is not suitable for mounting 
the small-size electronic components having the solder balls 
on the back s^tirface thereof. 

Disclosure of Invention 

An object of the present invention is to provide a 
suction nozzle capable of preventing displacement of a 
nozzl^ body due to suction and also sufficiently absorbing 
the impact on a component during suction . and placement of 
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the component. 

A first aspect of the invention provides A suction 
nozzle for holding a component by suction, comprising: an 
outer nozzle member defining a first suction passage for 
communicating with a suction source at one end thereof and a 

♦ 

nozzle body accommodation bore; a nozzle body for holding 
the component at a distal end face thereof by suction, 
haying a proximal side accommodated in the nozzle body 
accommodation bore so as to be slidable in a direction of an 
axis thereof and a distal side protruding from the outer 
nozzle member, the nozzle body defining a second suction 
passage extending in the axis direction thereof for 
communicating with the first suction passage, and the second 
suction passage having an open at the distal end face of the 
nozzle body; and an urging member for urging the nozzle body 
in a direction away from the outer nozzle member, the urging 
member being accommodated in an urging member accommodation 
chamber defined by at least a wall surface of the nozzle 
body accommodation bore and a proximal end face of the 
nozzle body. 

The suction nozzle of the present invention includes 
the urging member accommodation chamber formed at the 
proximal side of the nozzle body in which the urging member 
is acdommodated. The urging member accommodation chamber 
shut off from the first and second passages. With this 
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construction, it is possible to reduce the suction force 
from the suction source acting on the nozzle body in the 
direction in which the urging member is compressed. 
Therefore, the urging force of the urging member can be set 
small without causing displacement of the nozzle body during 
the suction. By setting a small urging force . for the urging 
member, it is possible to sufficiently absorb the impact on 
the component during the suction and placement of the 
component. Especially, when the urging member accommodation 
chamber communicates with atmosphere, reduction of the 
urging force of the urging member action on the nozzle body 
is more effectively achieved. 

Specifically, the nozzle body is provided with a first 
cylindrical portion protruding from the proximal end face 
thereof. The nozzle body is movable against an urging force 
of the urging member from a first position, where a distal 
end face of the first cylindrical portion is apart from a 
bottom wall surface of the nozzle body accommodation bore, 
to a second position where the distal end face of the first 
cylindrical portion contacts against the bottom wall surface 
of the nozzle body accommodation bore. 

After the nozzle body reaches the second position, the 
nozzle., body moves integrally with the outer nozzle member. 

# 

During component placement, therefore, the. suction nozzle in 
this state presses the component against the circuit 
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formation object, applying a load required for the mounting. 
This load can be set irrespective of the urging force of the 
urging member. ' . 

The urging member may be a spring. The urging force of 
the spring, for example, may be set not less than 0.196 N 
and not more than 0.98 N. 

A first annular groove for enlarging the diameter of 
the nozzle body accommodation bore may be formed on a 
portion of the side peripheral wall surface of the nozzle 
body, accommodation bore adjacent to the bottom wall surface. 
The existence of the first annular groove can reduce sliding 
resistance generated when the nozzle body moves in the 
nozzle body accommodation bore. In addition, this prevents 
intrusion of an end of the first cylindrical portion of the 
nozzle body into the peripheral wall surface of the nozzle 
body accommodation bore. 

A countersink may be formed on the bottom wall surface 
for securing the" urging member. By being secured to the 
countersink, the urging member is stably held in the urging 
member accommodation chamber and thus prevented from 
intruding between the . outer nozzle member and. the nozzle 
body . 

The structure for communication of the first suction 
passage' with the second suction passage is not specifically 
restricted. For example, the nozzle body may define, at 
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least one lateral passage extending in a direction crossing 
the axis of the nozzle body and communicating with the 
second suction "passage at one end thereof, and the other end 
of the lateral passage may communicate with the other end of 
the first suction passage of the outer nozzle member. 

The nozzle body may define a single lateral passage. 
Alternatively, the nozzle body may define two lateral 
passages, and the two lateral passages may be symmetric with 
respect to the axis of the- nozzle body so that the suction 
force from the suction source uniformly acts on the outer 
side peripheral wall surface of the nozzle body. 

In order to attain further uniform suction force acting 
on the outer side peripheral wall surface of the nozzle body, 
a second annular groove may be formed around the outer side 
peripheral wall surface of the nozzle body, and the lateral 
passage may be allowed to communicate with the other end of 
the first suction passage through the second annular groove. 

Alternatively, the nozzle body may include a second 
cylindrical portion extending in the axis direction from the 
proximal end face. The second cylindrical portion may 
extend through the urging member accommodation chamber into 
the first suction passage. The second suction passage may 
be allowed to communicate with the first suction passage 
through a third suction passage formed through the second 
cylindrical portion. With this construction, the spring 
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accommodation chamber can be shut off from the first and 
second suction passages more reliably • 

The outer nozzle member may define a first vacuum 
breaking passage communicating with atmosphere at one end 
thereof. . Further, the nozzle body may define a second 
vacuum breaking passage communicating with the second 

• ■ 

suction passage at one end thereof. The other ends of the 
first and second vacuum breaking passages are shut off from 
each other when the suction nozzle holds the component by 
suction. On the other hand, the other ends of the first and 
second vacuum breaking passages communicate with each other 
when the suction nozzle places the component onto a circuit 
formation object. 

The other ends of the first and second vacuum breaking 
passages may be shut off from each other when the nozzle 
body. is in the first position, and may communicate with each 
other when the nozzle body is in the second position, 
allowing the second suction passage to be open to atmosphere. 
With this construction, the sucking of the component to the 
nozzle body can be released smoothly and reliably when the 
nozzle body comes into contact, with the outer nozzle member. 
For example, when the component sucked to at nozzle body is 
pressed agairist the circuit formation objection and thus the 
nozzle 'body reaches the second position, the first and 
second vacuum breaking. passages, communicate with each other. 



wo 01/63999 PCT/JPOl/01245 

11 

therefore resulting in the release of the suction. 

A second aspect of the present invention provides a 
component mounting apparatus for placing a component on a 
circuit formation object, comprising: a component feeder 
section for feeding the component; a circuit formation 
object transfer section for. transferring the circuit 
formation object to a component placement location; and a 
mounting head section provided with the above-mentioned 
suction nozzle, the mounting head section being moved from 
the component feeder section to the component placement 
location, wherein when the mounting head section is situated 
at a position corresponding to the component feeder section, 
the suction nozzle holds the component fed from the 

* 

component feeder section by sucking the component at the 
distal end of the nozzle body, and wherein when the mounting 
head section is situated at the component placement location, 
the suction nozzle moves toward the circuit formation object 
and places the component sucked at the distal end of the 
nozzle body onto the circuit formation object. 

A third aspect of the present invention provides a 
method for mounting a component on a circuit formation 
object using a suction nozzle comprising an outer nozzle 
member, a nozzle body slidable in a direction of an axis 
thereof with respect to the outer nozzle member, and an 
urging member for urging the nozzle body in a direction away 
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from the outer nozzle member . comprising: holding the 
component by suction at a distal end of the nozzle body; 
moving the sucti-on nozzle to a position above the circuit 
formation object; moving the suction nozzle in the direction 
of the axis, of the nozzle body toward the circuit formation 
object to reach a first height position where the component 
sucked at the distal end of the nozzle body comes into 
contact with the circuit formation object while the urging 
member absorbs an impact on the component caused by the 
contact with the circuit formation object; moving the 
suction nozzle in the direction of the axis of the nozzle 
body toward the circuit formation object, from the first 
height position to a second position where a proximal side 
of the nozzle body is engaged with the outer nozzle member, 
with moving the nozzle body with respect to the outer nozzle 
member against an urging force of the urging member; and 
further moving the suction nozzle in the direction of the 
axis of the nozzle body, from the second height position 
toward the circuit formation object, so that a load is 
applied to the component from the nozzle body, the component 
being placed onto the circuit formation object by the load. 
The sucking of the component by the nozzle body may be 
released when the suction nozzle reaches the second height 
position. 
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Brief Description of Drawings 

Fig. 1 is a perspective view illustrating an electronic 
component mounting apparatus provided with a suction nozzle 
of the present, invention; 

Fig. 2 is. a vertical cross-sectional view illustrating 
a suction nozzle of the first embodiment; 

Fig, 3 is a vertical cross-sectional view illustrating 
the suction nozzle of the first embodiment: 

Fig, 4A is a cross-sectional view taken along line IV- 
IV in Fig. 2; . 

Fig. 4B is a cross-sectional view taken along line IV'- 
IV' in Fig. 2; 

Fig. 4C is a cross-sectional view taken along line IV"- 
IV" in Fig. 2; 

Fig. 5A is a partial enlarged view of a portion V in 
Fig. 2; 

Fig. 5B is a partial enlarged view of a portion V in 
Fig- 3; 

Fig. 6 is a vertical cross-sectional view illustrating 
a suction nozzle of the second embodiment of the present 
invention; 

Fig. 7 is a cross-sectional view taken along line VII- 
VII in Fig. 6; 

»- ■ 

.* . 
* •» 

9 
i 

Fig. 8 is a vertical cross-sectional view illustrating 
a suction nozzle of the third embodiment of the present 
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invention; 

Fig. 9 is a vertical cross-sectional view illustrating 

the suction nozzle of the third embodiment of the present 
inventions- 
Fig. lOA is a cross-sectional view taken along line X-X 
in Fig, -8; 

Fig. lOB is a cross-sectional view taken along line X' - 
X' in Fig. 9; 

Fig. 11 is a vertical cross-sectional view illustrating 
a suction nozzle of the fourth embodiment of the present 

invention; 

Fig. 12 is a cross-sectional view taken along line XII- 
XII in Fig. 11; and 

Fig. 13 is a vertical cross-sectional view illustrating 
a conventional suction nozzle. 

Best Mode for Carrying Out the Invention 

The present invention will now be described in. detail 
in accordance- with embodiments illustrated in the drawings. 

First Embodiment 

Fig. 1 illustrates an electronic component mounting 
apparatus 100 provided with a suction nozzle 21 of the 
present invention. Figs. 2 to 5 illustrate the suction 
nozzle' 21 of the first embodiment. 

Referring to Fig. 1, the electronic component mounting 
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apparatus 100 includes: a board transfer section 101 for 
transferring a circuit board A; component feeder sections 

102 including' a plurality of component feeder units; a 
mounting head section 103 to which the suction nozzle 21 can 
be attached; a board recognition camera 104 for recognizing 
the circuit board A; an X-Y robot 105 capable of moving the 
mounting head section 103 and the board recognition camera 
104 in directions shown by arrows X and Y in Fig.l; 
component imaging units 106 for imaging the posture of an 
electronic component B sucked and held by the suction nozzle 
21; component discard sections 107 for discarding the 
electronic component B if the posture thereof is found 
abnormal; and a control unit 108 for controlling these 
operations. 

Referring to Fig. 2,. the suction nozzle 21 is removably 
attached to a nozzle shaft 22 of the mounting head section 

103 by a nozzle holder 23 • Specifically, the nozzle holder 
23 includes an inner sleeve 23b holding, balls 23a inside and 
an outer sleeve 23c in which the inner sleeve 23b is pressed. 
The balls 23a are fitted into engage concave 38 formed on an 
outer nozzle member 30 to be described later, and thus the 
suction nozzle 21 is secured to the nozzle. shaft 22. 

A suction passage 22a of the nozzle shaft 22 is in 
communication with a vacuum suction pump 24. The nozzle 

* 

shaft 22 is mechanically connected to an elevation mechanism 
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26 and a rotation drive mechanism 27. The suction nozzle 21 
therefore moves up and down together with the nozzle shaft 
22 by the elevation mechanism 26, and rotates around an axis 
thereof together with- the nozzle shaft 22 by the rotation 
drive mechanism 27. 

The suction nozzle 21 includes the outer nozzle member 

V ' 

30, a nozzle body 40, and a spring 50.' 

The outer nozzle member 30 is formed with a first 
suction passage 31 arid a nozzle body accommodation bore 32. 
The first suction passage 31 includes: a comparative large- 
diameter first portion 31a communicating with the suction 
passage 22a of the. nozzle shaft 22; a second portion 31b 
communicating with the first portion 31a at one end thereof 
and extending in the direction of an axis L of the nozzle 
body 40; and a third portion 31c extending from the other 
end of the second portion 31b in a direction perpendicular 
to the second portion 31b. The third portion 31c is open at 
a side peripheral wall surface 32a of the nozzle body 

4 t 

f 

accommodation bore 32 • 

A proximal side of the nozzle body 40 is accommodated 
in the nozzle body accommodation bore 32 of the outer nozzle 
member 30 so as to be slidable in the direction of the axis 
L thereof. An outer side peripheral wall surface 40a of the 
nozzl^ body 40 closely or airtightly touches the side 
peripheral wall surface 32a of the nozzle body accommodation 
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bore 32. A distal side of the nozzle body 40 protrudes from 
the outer nozzle member 30 downward as shown in Fig. 2. 

The nozzle body 40 is formed with a second suction 
passage 41 that extends in the direction of the axis L and 
is open at a distal end face 40b thereof. The nozzle body 
4 0 is also formed with a lateral passage 42 extending in a 
direction perpendicular to the axis L. The lateral passage 
42 communicates with the second suction passage 41 at one 
end thereof and is open at the outer side peripheral wall 
surface 40a of the nozzle body 40 at the other end thereof. 

As shown in Figs. 2 and 4A, an annular groove 43 is 
formed at a position of the outer side peripheral wall 

I ■ ' 

surface 40a. of the nozzle body 40 corresponding to the 
opening of the lateral passage 42. The second suction 
passage 41 communicates with the third portion 31c of the 
first suction passage 31 through the annular groove 4 3 and 
the lateral passage 42. As shown in Figs. 2 and 46, a first 
cylindrical portion 44 protrudes from a proximal end face 
4Pc of the nozzle body 40 in the direction of the axis L. 
As shown in Figs. 5A and 5B, the distal end of the 
cylindrical portion 44 is beveled . as denoted by reference 
numeral 44a. to facilitate insertion of the nozzle body 40 
into the nozzle body accommodation bore 32 during 
manufacture. 

A space shut off from the first and second suction 
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passages 31, 41, that is, a spring accommodation chamber 60 
is defined by the proximal end face 40c of the nozzle body 
40, a bottom wall surface 32b of the nozzle body 
accommodation bore 32, the side peripheral wall surface 32a 
of the nozzle body accommoclation bore 32, and the first 
cylindrical portion 44. As shown in Figs. 2 and 4B, the 
spring accommodation chamber 60 communicates with atmosphere 
through an elliptical bore 44b formed through the first 
cylindrical portion 44 and a circular sectional passage 33 
formed at a position of the outer nozzle . member 30 
corresponding to the elliptical bore 44b.. Therefore, the 
pressure in the spring accommodation chamber 60 is kept at 
atmospheric pressure irrespective of the position of the 
nozzle body 40 with respect to the outer nozzle member 30 
and the existence or. absence of a suction force applied by 
the vacuum suction pump 24. In other words, the suction 
force of the vacuum suction pump 24 does, not act on the 
proximal end face 40c of the nozzle body 40. 

A helical spring 50 is accommodated in the compression 
state in the spring accommodation chamber 60. The spring 50 
elastically urges the nozzle body 40 in the direction away 
from the. outer nozzle member 30. Since the suction force of 
the vacuum suction pump 24 does not act on the proximal end 
face . 40ci of the nozzle body 40 as described above, the 
urging force of the spring 50 is not required to be large to 
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resist the suction force. Therefore, the urging force of 
the spring 50 can .be set at a relatively small value. 
Specifically, tlie urging force of the spring 50 may be set 

• * 

not less than. 0.196 N and not more than, 0.98 N. 

Accommodation of the spring 50 in the spring 
accommodation chamber 60 will be described in detail . The 

♦ 

spring. 50 is placed inside the cylindrical portion 44. 
Countersinks 71A, 7 IB are each formed on the proximal end 
face 40c of the nozzle body 40 and the bottom wall s.urface 
32b of the nozzle body accommodation bore 32 both defining 

* 

the spring accommodation, chamber 60. Ends of the spring 50 
are each inserted in the countersinks 71A, 7 IB, so that the 
spring 50 is stably held in the spring accommodation chamber 
60. Thus, the spring 50 is prevented from intruding into 
the space between the outer nozzle member 30 and the nozzle 
body 40. 

As shown in Figs. 2, 4C, 5A, and 5B, an annular groove 
.34 is formed at a position of the side peripheral wall 

T 

surface 32a of the nozzle body accommodation^ bore 32 
adjacent to the bottom wall surface 32b. A diameter of the 
nozzle body accommodation bore 32 is larger in this portion 
with the annular groove 34 than the other portion. 
Therefore, in this portion, the first cylindrical portion 44 
of tHe nozzle body 40 is not contact with the side 
peripheral wall surface 32a of the nozzle body accommodation 
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bore 32 as shown in Figs, 5A and 5B. This advantageously 
reduces the sliding resistance on the nozzle body 40 when it 
slides inside the nozzle body accommodation bore 32. * In 
addition, the existence of the annular groove 34 prevents 
the distal end of the first cylindrical portion 44 to be 
engaged in the side peripheral wall 32a of the nozzle body 
accommodation bore 32. 

An engage groove 45 extending in the. direction of the 
axis L is formed on the outer side peripheral wall surface 
40a of the nozzle body 40. A stopper 72 secured to the 
outer nozzle member 30 is loosely inserted in the engage 
groove 45 so that a distal end of the stopper 72 is movable 
in the engage groove 45. By engagement of an end portion of 
the engage groove 45 with the stopper 72 as shown in Fig. 2, 
the nozzle body 40 is prevented from coming off from the 
nozzle body accommodation bore 32 due to the urging force of 
the spring 50. 

The suction force of the vacuum suction pump 24 acts on 
the electronic component B at the distal end face 40b of the 

* 

nozzle body 40 through the suction passage 22a of the nozzle 
shaft 22, the first suction passage 31 of the outer nozzle, 
member 30, the annular groove 43 of the nozzle body 40, the. 
lateral .passage 42 of the nozzle body 40, and the second 
suction ' passage 41 of the nozzle body 40. With the 
existence of the annular groove 43 of the nozzle body 40, 
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the suction force of the vacuum suction pump 24 fails, to 
directly act on the outer side peripheral wall surface 40a 
of the nozzle -body 40 at a junction between the first 

* 

suction passage 31 of the outer nozzle member 30 and the 
lateral passage 42 of the nozzle body 40. This prevents the 
nozzle body 40 from being sucked to the outer nozzle member 
30 at the junction due to the suction force of the vacuum 
suction pump 24, and thus ensures reduction in sliding 
resistance generated when the nozzle body 4 0 is displaced 
with respect to the outer nozzle member 30. 

When no force upward along the axis L acts to the 
distal end face 40b, the nozzle body 40 is in first position 
shown in Fig. 2 where the nozzle body ^40 is stopped by the 
stopper 72. In this first position, as shown in Fig. 5A, an 
end face 44c of the first cylindrical portion 44 of the 
nozzle body 40 is apart from the bottom wall surface 32b of 
the nozzle body accommodation bore 32. Once a force upward 
along the axis L acts to the distal end face 40b, the nozzle 
body 40 moves upwardly toward second position shown in Fig. 
3 against the urging force of the spring 50. In this second 
position, as shown in Fig. 5B, the end face 4 4c of the first 
cylindrical portion 44 of the nozzle body 40 is in contact 
with the bottom wall surface 32b of the . nozzle body 
accommodation bore 32 . 

Then, the operation, of the electronic component 
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mounting apparatus 100 having the suction nozzle 21 will be 
described - 

First, the board transfer section 101 transfers the 
circuit board A to a component placement location. During 
this transfer, the board recognition camera 104 is moved to 
be located above the circuit board A by the X-Y robot 105 to 
recognize a position on the circuit board A at which the 
electronic component B is to be placed. 

The mounting head section 103 is then moved to the 
component feeder section 102 by . the X-Y robot 105/ where the 
suction nozzle 21 sucks and holds the electronic component B 
fed from the component feeder section 102 in the following 
manner. 

First, the suction nozzle 2i is lowered to a 
predetermined height position (suction height position) by 
the elevation mechanism 26, to allow the distal end face 40b 
of the nozzle body 40 to come into contact with the 
electronic component B fed from the component feeder section 
102. In this occasion, the impact applied to the electronic 

■ * 

component B can be sufficiently absorbed since the urging 
force of the spring 50 is relatively small as described 
above . 

Subsequently, the electronic component B is sucked to 
the. dfstal end face 40b of the nozzle body 40 with a suction 
force of the vacuum suction pump 24 acting through the first 
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suction passage 31 of the outer nozzle member 30, the. 
lateral passage 42 of the nozzle body 4 0/ and the second 
suction passage 41 of the nozzle body 40. In this occasion, 
the nozzle body .40 is prevented from being displaced with 
respect to the outer nozzle member 30 due to the suction 
force of the vacuum suction pump 24. This is because that 
the spring accommodation chamber 60 provided at the proximal 
side of the nozzle body 40 serves to reduce the suction 
force of the vacuum suction pump 24 acting on the nozzle 
body 40 in the direction of the axis L (direction In which 
the spring 50 is compressed) . It is therefore possible to 
keep constant the height position of the distal end face 40b 
of the nozzle body 40 holding the electronic component B by 
suction. Thereafter, the suction nozzle 21 holding the 
electronic component B is moved upwardly to the original 
height position by the elevation mechanism 26. 

The mounting head section 103 is then moved by the X-Y 
robot 105 so that the electronic component B held by the 
suction nozzle 21 passes over the component imaging device 
106.. During this passing, the component imaging device 106 
takes an image of the posture of the electronic component B 
held by the suction nozzle 21. Based on the results of this 
imaging, the control unit 108 determines whether or not the 

■ * 

posture of the electronic component B is appropriate. If 
the posture of the electronic component B is determined 
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appropriate, the position of the electronic component B is 
then corrected based on the image information obtained. 
More specifically, the suction nozzle 21 is rotated around 
the axis L by the rotation drive mechanism 27 to correct the 
rotational position of the electronic component B. 

Thereafter, the mounting head section 103 is moved to 
the component mounting location by. the X-Y robot 105, where 
the electronic component B held by the suction nozzle 21 is 
placed onto the circuit board A in the following manner. 
First, the suction nozzle 21 is lowered to a predetermined 
height position (placement height position) by the elevation 
mechanism 26, to allow the electronic component B. sucked at 
the. distal end face 40b to come into contact with the 
circuit board A.. In this occasion, the impact applied to 
the electronic component B can be sufficiently absorbed 
since the urging force of the spring 50 is relatively small 
as described above. 

The suction nozzle 21 is further lowered from the 
placement height position. As a result, the nozzle body 40 
moves toward the outer nozzle member 30 against the urging 
force of the spring 50 to reach the second position (see Fig. 
J 2). In this occasion,^ only a small load is applied to the 
^ electronic component B since the urging force of the spring 
50 is relatively small. 

In the second position, the end face 44c of the first 
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■ V 

cylindrical portion 44 of the nozzle body 40 is in contact 
with the bottom wall surface 32b of the nozzle body 
accommodation bore 32 of the outer nozzle member 30 as 
described above. Therefore, as the suction nozzle 21 is 
further lowered, the nozzle body 40 is lowered together with 
the outer nozzle member 30 without being displaced with 
respect to the outer nozzle member 30, As a result, a load 
is applied from the nozzle body 40 to the electronic 
component B that has been already in contact with the 
circuit board A. With this load, the electronic component B 
is place onto the circuit board A. After completion of the 
placement, the suction of the vacuum suction pump 24 is 
halted.. Thereafter, the suction nozzle 21 is moved upwardly 
to the original height position. 

If it is determined that the posture of the electronic 
component B is inappropriate according to the imaging 
results by the component imaging device 106, the mounting 
head section 103 is moved to the component discard section 
107 by the X-Y robot 105. In the component discard section 
107, the suction of the vacuum suction pump 24 is released 
to discard the electronic component B sucked to the suction 
nozzle 21. 

P 

Second Embodiment 
Figs. . 6 and 7 illustrate a suction nozzle 21 of the 
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second embodiment of the present invention. In this 
embodiment, the nozzle body 40 includes two lateral passages 
42, 42 formed symmetrically with respect to the axis L of 
the nozzle body 40. Namely, thisse lateral passages 42, 42 
are formed at positions apart from each other by 180 degrees 
with respect to the axis L. In addition, the first suction 
passage 31 of the outer nozzle member 30 includes two second 
portions 31b, 31b and two third portions 31c, 31c to 
communicate with the two lateral passages 42, 42. These 
second portions 31b, 31b and third portions 31c, 31c are 
also formed at positions apart from each other by 180 
degrees with respect to the axis L. 

In the second embodiment, the suction force of the 
vacuum suction pump 24 acts on the second suction passage 41 
of the nozzle body 40 through the two lateral passages 42, 
42. This makes. more uniform the suction force acting on the 
outer side peripheral wall surface 40a of the nozzle body 40, 
and thus more reliably prevents the nozzle body 40 from 
being sucked ^zo. the outer nozzle member 30 " due to the 
suction force of the vacuum, suction pump 24. As a result, 
sliding resistance can be reduced more reliably during the 
displacement of the nozzle body 40 with respect to the outer 
nozzle member 30. 

The other construction and function of the second 
embodiment are the same as those of the first embodiment 
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described above. Therefore/ the same components are denoted 
by the same reference numerals, and the description thereof 
is omitted. - . • 

Third Embodiment 

Figs. 8 to 10 illustrate the third embodiment of the 
present invention. In the third embodiment, a. first vacuum 
breaking passage 36 is formed in the outer nozzle member 30 
and a second vacuum breaking passage 46 is formed in the 
nozzle body 40. The first vacuum breaking passage 56 
communicates, with atmosphere at one end thereof and is open 
at the side peripheral wall surface 32a of the nozzle body 
accommodation bore 32 at the other end thereof. The second 
vacuum breaking passage 4 6 communicates with the second 
suction passage 41 at one end thereof and is open at the 
outer side peripheral wall surface 40a of the nozzle body 40 
at the other end thereof. 

As shown in. Figs. 8 and 1 OA, when the nozzle body 40 is 
in the first position, the other ends of the first and 
second vacuum' breaking passage 36, 46 are shut off from each 
others In the first position, however, the first suction 
passage 31 and the second suction passage 41 communicate 
.with each other. Therefore, when the nozzle body 4 0 is in 
the first position, the electronic component B is sucked at 
the .distal end face 4 0b of the nozzle body 40 with the 
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suction force of the vacuum suction pump .24 acting through 
the first and second suction passages 31, 41, 

On the contrary, as shown in Figs. 9 and IOb; when the 
nozzle body 40 is in the second position, the other ends of 
the first and second vacuum breaking passages 36, 46 
communicate with each other. In the second position, 
however, the position, of the annular groove 43 is displaced 
from the position of the third portion 31c of the first 
suction passage 31, blocking communication between the first 
and second suction passages 31, 41. Therefore, ' without 
blowing action for releasing the electronic component B, 
only displacement of the nozzle body 40 to the second 
position and the halt of the suction of the vacuum suction 
pump 24 attain smooth and reliable release of sucking of the 
electronic component B at the distal end face 40b of the 
nozzle body 40. 

For example, when the suction nozzle 21 sucking and 
holding the electronic component B at the nozzle body 40 is 
further lowered from the placement height position so that 
the nozzle body 40 reaches the second position and the 
suction of the vacuum suction pump 24 is halted, the 
electronic component B is released from being sucked- The 
suction force no more acts on the electronic component B 
during i the further lowering of the suction nozzle 21 from 
the placement height position . to apply a load to the 
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electronic component B for placing on the circuit board A. 

The other construction and function of the third 
embodiment are" the same as those of the first embodiment 
described above. Therefore, the same components are denoted 
by the same reference numerals, and the description thereof 
is omitted. 

Fourth Embodiment 
Figs, 11 and 12 illustrate the fourth embodiment of the 
present invention. In the fourth embodiment, a second 
cylindrical portion 47 protrudes in the direction of the 
axis L coaxially with the first cylindrical portion 44. A 
third suction passage 47a formed through the second 
cylindrical portion 47 communicates with the second suction 
passage 41 at one end thereof and is open at the distal end 
face of the second cylindrical portion 47 at the other end 
thereof. 

■ 

The outer nozzle member 30 has a through bore 37 
extending f rc^a the bottom wall surface 32b of the nozzle 
body accommodation bore 32 to the first suction passage 31. 
The second cylindrical portion 47 extends through the spring 
accommodation chamber 60 arid then the. through hole 37 to the 
first .suction passage 31. 

the spring accommodation chamber 60 is defined by the 
side peripheral wall surface 32a and the bottom wall surface 
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32b of the nozzle body accommodation bore 32, the first 
cylindrical portion 44, and an outer side peripheral wall 
surface of the -second cylindrical portion 47. As in the 
first embodiment, the spring accommodation chamber 60 
communicates with atmosphere through the elliptical bore 44a 
formed through the first cylindrical portion 44 and the 
passage 33 formed through the outer nozzle member 30. 

^ « 

In the fourth embodiment, the first and second suction 
passages 31, 41 communicate with each other through the 
third suction passage 47a of the second cylindrical portion 
47, With this construction, the spring accommodation 
chamber 60 is shut off more reliably from the first and 
second suction passages 31, 41. 

The other construction and function of the fourth 
embodiment are the same as those of the first embodiment 
described above. Therefore, the same components are denoted 
by the same reference numerals, and the description thereof 
is omitted. The suction nozzle of the fourth embodiment may 
be provided with the first and second vacuum breaking 
passages of the third embodiment. 

In the first through fourth embodiments, the spring 
accommodation chamber 60 communicates with atmosphere as 
described above. However, the spring accommodation chamber 
60 may ^ be airtightly enclosed chamber shut off from not only 
the first and second suction passages 31, 41 but also 
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atmosphere. This construction also achieves reduction of the 
suction force by the vacuum suction pump 24 acting to the 
nozzle body 40/ 

Although the present invention has been fully 
described by way of the examples with reference to the 
accompanying drawings, it is to be noted here that various 
changes and modifications will be apparent to those who 
skilled in the art. Therefore, unless such changes and 
modifications otherwise depart from the spirit and scope of 
the present invention, they should be construed as being 
therein. 



32 
CLAIMS 

!• A suction nozzle (21) for holding a component (B) by 
suction, comprising: 

an outer nozzle member (30) defining a first suction 
passage (31) for communicating with a suction source (24) at 
one end thereof and a nozzle body accommodation bore (32); 

a nozzle body (40) for holding the component (B) at a 
distal end face (40b) thereof by suction, having a proximal 
side accommodated in the nozzle body accommodation bore so 
as to be slidable in a direction of an axis (L) thereof and 
a distal side protruding from the outer nozzle member , the 
nozzle body defining a second suction passage (41) extending 
in the axis direction thereof for communicating with the 
first suction passage, and the second suction passage having 
an open at the distal end face of the nozzle body; and 

an urging member (50) for urging the nozzle body in a 
direction away from the outer nozzle member, the urging 
member being accommodated in an urging member accommodation 
chamber (60) defined by at least a wall surface of the 
nozzle body accommodation bore and a proximal end. face (40c) 
of the nozzle body. 

2. A suction nozzle according to claim 1, wherein the 
urgingp member accommodation chamber communicates with 
atmosphere. 
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3. A suction nozzle according to claim 1, wherein the 
nozzle body is- provided with a first cylindrical portion 
(44) protruding from the proximal end face thereof, and 

wherein the nozzle body is movable against an urging 
force of the urging member from a first position, where a 
distal end face of the first cylindrical portion is apart 
from a bottom wall surface (32b) of the nozzle body 
accommodation bore, to a second position where the distal 
end face of the first cylindrical portion contacts against 
the bottom wall surface of the nozzle body accommodation 
bore. 

4. A suction nozzle according to claim 1, wherein a first 
annular groove (34) for enlarging, a diameter of the nozzle 
body accommodation bore is formed on a portion of a side 
peripheral wall surface (32a) of the nozzle body 
accommodation bore adjacent to the bottom wall surface. 

5. A suction nozzle according to claim 1, wherein the 
nozzle body defines at least one lateral passage (42) 
extending in- a direction crossing the axis thereof, and 

wherein the lateral passage communicates with the 
second suction passage at one end thereof and communicates 
with the other end of the first suction passage of the outer 
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nozzle member at the other end thereof. 

6. A suction .nozzle according to claim 5, wherein the 
nozzle body defines a single lateral passage . 

7. A suction nozzle according to claim 5, wherein the 
nozzle body defines two lateral passages, and 

wherein the lateral passages are arranged symmetrically 
with respect to the axis of the nozzle body. 

8. A suction nozzle according to claim 5, wherein a second 

annular groove (43) is formed on an outer side peripheral 

■ 

wall surface (40a) of the nozzle body, and 

wherein the lateral passage communicates with the other 
end of the first suction passage through the second annular 
groove . 

9. A suction nozzle according to claim 1, wherein the 
nozzle body is provided with a second cylindrical portion 
(47) protruding from the proximal end face thereof in the 
axis direction thereof, 

wherein the second cylindrical portion extends through 
the urging member accommodation chamber into the first 
suctiori'i passage of the outer nozzle member, and 

wherein the second suction passage communicates with 
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the first suction passage through a third suction passage 
(47a) formed through the second cylindrical portion. 

10, A suction nozzle according to claim 1, wherein the 
outer nozzle member defines a first vacuum breaking passage 
(36) communicating with atmosphere at one end thereof, 

wherein the nozzle body defines a second vacuum 
breaking passage (46) communicating with the second suction 
passage at one end thereof, ^ 

wherein the other ends of the first and second vacuum 
breaking, passages are shut off from each other when the 
suction nozzle holds the component by suction, and 

wherein the other ends of the first and second vacuum 
breaking passages communicate with each other when the 
suction nozzle places the component onto a circuit formation 
object (A) . 

•11. A suction nozzle according to claim 3, wherein the 
outer nozzle member defines a first vacuum breaking passage 
(36) communicating with atmosphere at one end, thereof , 

wherein the nozzle body defines a second vacuum 
breaking passage (46) communicating with the second suction 
passage at one end thereof, 

-* 

' / 
-# 

wherein the other ends of the first and second vacuum 
breaking passages are shut off from each * other when the 
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nozzle body is in the first position, and 

wherein the other ends of the first and second vacuum 
breaking passages communicate with each other when the 
nozzle body is in the second position, allowing the second, 
suction passage to be open to atmosphere. 

12. A component mounting apparatus (100) for placing a 
component (B) on a circuit formation object (A), comprising: 
a component feeder section (102) for feeding the 
component (B) ; 

a circuit formation object transfer section (101) f or - 
transferring the circuit foinnation object to a component 
placement location; and 

a mounting head section (103) provided with the suction 
nozzle (21) according to any one of claims 1 to 11, the 
mounting head section being moved from the component feeder 
section to the component placement location, 

wherein when the mounting head section is situated at a 
position corresponding to the component feeder section, the 
suction nozzle holds the component fed from the component 
feeder section by sucking the component at the distal end of 
the nozzle body (40), and 

whierein when the mounting head section is situated at 
the component placement location, the suction nozzle moves 
toward the circuit formation object and places the component 
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sucked at the distal end of the nozzle body (40) onto the 
circuit formation object (A) . 

13. A method for mounting a component (B) on a circuit 
formation object (A) using a suction nozzle (21) comprising 
an outer nozzle member (30), a nozzle body (40) slidable in 
a direction of an axis (L) thereof with respect to the outer 
nozzle member, and an urging member (50) for urging the 
nozzle body in a direction away from the outer nozzle member 
comprising: 

holding the component by suction at a distal end of the 
nozzle body; 

moving the suction nozzle to a position above the 
circuit formation object; 

moving the suction nozzle in the direction of the axis 
of the nozzle body toward the circuit formation object to 
reach a first height position where the component sucked at 
the distal end of the nozzle body comes into contact with 
the circuit formation object while the urging member absorbs 
an impact on the component caused by the contact with the 
circuit formation object; 

moving the suction nozzle in the direction of the axis 
of the nozzle body toward the circuit formation object, from 
the first height position to a second position where a 
proximal side of the nozzle body is engaged with the outer 
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nozzle member, with moving the nozzle body with respect to 
the outer nozzle member against a elastic urging force of 
the urging member; and 

further moving the suction nozzle in the direction of 
the axis of the nozzle body, from -the second height position 
toward the circuit formation object, so that a load is 
applied to the component from the nozzle body, the component 
being placed onto the circuit formation object by the load. 

14. A method according to claim 13, further comprising 
releasing the sucking of the component by the nozzle body 
when the suction nozzle reaches the second height position. 
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Fig . 2 
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